Introduction 4 1
Interest in studying the microbiome, microbiota associated with various environments, has were excluded). De novo OTU clustering, i.e. OTU clustering by determining between-sequence 1 0 0 similarity, was then evaluated using similarity thresholds between 90-100%. At the typically 1 0 1 used similarity threshold of 97%, all sequences from both pure-culture samples were assigned to 1 0 2 unique OTUs (i.e. the ratio of OTUs to sequences was one). Results from de novo OTU We next evaluated the ability to accurately annotate the taxonomy of pure-culture Nanopore 16S 1 0 8 rRNA sequences using three different annotation approaches: the naïve Bayesian Ribosomal shown in Figure 2 . The RDP classifier against the Green Genes database was found to be the best 1 1 2 performing annotation strategy. Using this approach, the annotation accuracy for E. coli was 1 1 3 6 96.7% and 81.9% at the phyla and genus level, respectively, and was 90.9% and 82.0% for P. 1 1 4 fluorescens at the phyla and genus level, respectively. We next evaluated Nanopore sequencing to characterize an environmental sample from 1 1 8 hydraulic fracturing produced water (17). This sample was selected as it exhibited low alpha-1 1 9 diversity in previous analyses. The same DNA extract was used for both analyses. By assigning taxonomy to each individual sequence, five phyla were identified by the Nanopore 1 2 2 platform, and eleven phyla were identified by the Illumina platform. Among them, four phyla 1 2 3 that together accounted for greater than 99% of sequence relative abundance were identified by 1 2 4 both platforms (Table 2) . Nine shared genera were detected by both platforms, accounting for 1 2 5 relative abundances of 98.3% on the Nanopore platform and 81.6% on the Illumina platform 1 2 6 (Table 2) . Both the Nanopore and Illumina platforms revealed similar microbial community 1 2 7 structure of the produced water sample. The Firmicutes Phylum dominated the microbial 1 2 8 community with relative abundance higher than 90% with both platforms (Table S1 ). Phyla unique to the Nanopore and Illumina platforms accounted for less than 0.5% of relative 1 3 0 abundance (Table S1) . At the genus level, the produced water microbial community was 1 3 1 dominated by the genus Halanaerobium (Table S2) , with 95.6% of Nanopore sequences and 16S rRNA sequence reads were assigned to Clostridiales, which is within the same class with Halanaerobium (Clostridia) ( Table S2) . We also calculated the Jaccard distance (solely based on presence/absence of each taxa) and 1 3 7
Bray-Curtis distance (based on both presence/absence and relative abundance of each taxa) 1 3 8 between the produced water microbial community revealed by Nanopore and Illumina platforms 1 3 9 at different taxonomic levels. Jaccard and Bray-Curtis distances measure the degree of microbial 1 4 0 community structure difference between two samples, with a value of one indicating no 1 4 1 community structure overlap and a value of zero indicating identical microbial communities. We 1 4 2 adopted these measures to evaluate the level of difference between the technical replicates of the were higher than Bray-Curtis distances at all phylogenetic levels, because more taxa were 1 4 7 assigned using short sequence reads by Illumina sequencing (Table 2) and Jaccard distance only obtained between Nanopore and Illumina platforms. It should be noted in these comparisons that different primer sets were used for the two analysis approaches, which has previously been shown to bias microbiome community structure as
Results from analysis of the Mycobacterium smegmatis run are shown in Figure 4 . In this run, 1 7 0 76.5% of sequences were assigned to the correct Actinobacteria phyla, 11.0% of sequences were 1 7 1 incorrectly assigned to another domain or unable to be assigned, and 12.4% of sequences were 1 7 2 incorrectly assigned to the Proteobacteria phyla, presumptively resulting from sequence 10.8% of sequences were assigned to the Pseudomonas genus. technology. In the second M. smegmatis run, we observed only 0.5% of sequences to be assigned to the correct Mycobacteriaceae family, compared with 54.5% in the first M. smegmatis run. These results imply that continued carry-over serves to significantly decrease output quality; investigation we performed six runs on the same flow cell while observing minimal output loss. Second, improved bioinformatics strategies are necessary to exclude poor quality sequences. In 1 9 1 the E. coli and P. fluorescens runs, 3.3 and 9.0% of sequences, respectively, were not assigned to 1 9 2 any phyla, suggesting poor sequence quality and confounding both alpha-and beta-diversity Ultimately, the development of a rapid and low-cost microbiome approach will facilitate the 1 9 7 application of clinical and environmental microbiome technologies. were a hydraulic fracturing produced water sample (17) and a river water sample (unpublished). All Nanopore sequencing runs were conducted using the MinION Mk IB platform following cell washing was conducted immediately following the completion of the previous sequencing 2 1 5 run using a Nanopore washing kit WSH002 (Oxford Nanopore). The Oxford Nanopore 2 1 6 recommended washing protocol was used between runs, namely 150 µL of WSH002 solution A 2 1 7 was loaded to the flow cell through priming port and incubated at room temperature for 10 2 1 8 minutes, then 150 µL of WSH002 solution B was loaded through the priming port before the 2 1 9 next sequencing run and incubated for another 10 minutes at room temperature. 2D libraries were prepared using a Nanopore NSK007 sequencing kit and recommended protocol 2 3 3 (Oxford Nanopore Technologies). The end repair step of the purified PCR products was England Biolabs), and 5 µL control DNA provided with Nanopore NSK007 sequencing kit. The 2 3 6 end repair reaction mix was incubated at 20ºC for 5 minutes and 65ºC for 5 minutes. The end- repaired PCR products were further purified using AMPure XP beads and ligated to the 2 3 8 sequencing adapters by adding 8 µL molecular grade water, 10 µL Nanopore NSK007 adapter 2 3 9 mix, 2 µL Nanopore NSK007 HPA solution, and 50 µL Blunt/TA Master Mix (New England 2 4 0 Biolabs), and then incubated at room temperature for 10 minutes. 1 µL HPT solution from the 2 4 1 NSK007 kit was added and incubated for an additional 10 minutes at room temperature. The All sequencing flow cells were primed using 500 µL Running Buffer Fuel Mix diluted in 500 µL 2 4 7 molecular grade water following the recommended priming protocol (Oxford Nanopore Table S1. Relative abundance distribution at phylum level for the produced water sample.
3 9 5 Table S2 . Relative abundance distribution of Firmicutes phylum for the produced water sample. 
